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EAE clinical scores following CD20 mAb treatmentA
Group	 IncidenceB	 Mean	day		 Mean	maximum		
	 	 of	onset	 score
UntreatedC 9/10 (90%) 13.1 ± 0.5 2.6 ± 0.8
Day –7 control mAb 13/14 (93%) 13.0 ± 0.5 2.8 ± 0.6
Day –7 CD20 mAb 14/14 (100%) 12.9 ± 0.5 4.3 ± 0.4D
Day 14 control mAb 14/15 (93%) 12.9 ± 0.4 2.9 ± 0.7
Day 14 CD20 mAb 14/15 (93%) 12.9 ± 0.3 1.5 ± 0.4E
AMice were treated with CD20 or control mAb (250 μg) 7 days before 
or 14 days after MOG immunization. BAssessment of clinical EAE 
includes the number of mice that developed disease, the day of disease 
onset (mean ± SEM) among mice with EAE, and the maximum clinical 
score (mean ± SEM) of each treatment group. CUntreated group was 
not treated with mAb. The mean maximum clinical score obtained for 
the group over the entire observation period. Significant differences 
between CD20 versus control mAb–treated mice are indicated;  
DP < 0.0005, EP < 0.005.
Figure 
B cells regulate EAE severity. B6 mice were treated with CD20 or control mAb (250 μg) before or after MOG immunization (days –7, 7, 14, or 21) 
and scored daily for EAE disease severity. Arrowheads indicate the day of mAb injection. Values represent (mean ± SEM) EAE clinical scores 
from more than 5 mice in each group, with similar results obtained in 3 independent experiments. Significant differences between CD20 and 
control mAb–treated groups are indicated; *P < 0.05.
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B cell depletion during EAE development reduces antigen-specific 





Quantitative EAE histopathology following B cell 
depletion as in Figure 1. (A and B) Representative 
lumbar spinal cord sections harvested 18 days after 
MOG immunizations (n ≥ 4 mice per group) show 
(A) inflammation (H&E staining) and (B) demyelin-
ation (Luxol Fast Blue staining). Upper panels are 
low magnification (scale bar: 0.5 mm). Lower pan-
els are high magnification (scale bar: 0.01 mm). (A) 
Arrowheads indicate inflammatory foci. (B) Yellow 
traced areas indicate demyelination. (C) Bar graphs 
indicate (mean ± SEM) numbers of inflammatory 
foci and (D) demyelinated area, with significant dif-
ferences between CD20 (black bars) and control 
mAb–treatments (white bars) indicated; *P < 0.05, 
**P < 0.005. Similar results were obtained in at least 
2 independent experiments.
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CD20 mAb–induced B cell depletion in EAE mice. B6 mice were treated with CD20 or control mAb 7 days before or 14 days after MOG immu-
nization. Representative depletion of B cells from the (A) bone marrow, (B) blood, (C–F) spleen, (G) peripheral lymph nodes, and (H) peritoneal 
cavity 18 days after MOG immunization (n ≥ 4 mice per group) as determined by immunofluorescence staining with flow cytometry analysis. 
Within in the histograms, numbers indicate relative percentages of lymphocytes within the indicated gates. Bar graphs indicate (mean ± SEM) 
numbers of blood (per ml) and tissue B cells following mAb treatment. Within the bar graphs, numbers indicate the percentage of B cells of each 
phenotype found in CD20 mAb–treated mice (black bars) relative to the numbers of B cells found in control mAb–treated littermates (white bars). 
Significant differences between CD20 versus control mAb–treated mice are indicated; *P < 0.05, **P < 0.01. Data are representative of at least 
2 independent experiments. MZ, marginal zone.
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T  cell  expansion during  the 
course of disease.
B10 cells regulate EAE. Reg-
ulatory  IL-10–producing 










spleen  CD1dhiCD5+  B  cells 
were increased approximately 





















Tissue B cell depletion following EAE induction and CD20 mAb treatmentA
	 Treated	day	–7	(%	depletion)B	 Treated	day	14	(%	depletion)B
Tissue	 B	cell	subsetC	 Control	mAb	 CD20	mAb	 Control	mAb	 CD20	mAb
Bone marrow Pro/pre 0.10 ± 0.04 0.11 ± 0.05 (0) 0.09 ± 0.03 0.09 ± 0.05 (0)
 Immature 0.16 ± 0.10 0.04 ± 0.02 (72) 0.16 ± 0.04 0.04 ± 0.02 (72)
 Mature 0.48 ± 0.16 0.01 ± 0.01 (99D) 0.51 ± 0.14 0.01 ± 0.01 (97D)
Blood B220+ 3.20 ± 0.90 0.03 ± 0.01 (99D) 3.00 ± 0.70 0.05 ± 0.02 (98D)
Spleen B220+ 20.00 ± 6.50 0.07 ± 0.02 (99D) 19.60 ± 1.30 1.80 ± 0.60 (91D)
 Mature 11.40 ± 4.30 0.02 ± 0.02 (99E) 12.60 ± 1.30 0.68 ± 0.31 (95D)
 T1 1.50 ± 0.60 0.02 ± 0.02 (99D) 1.40 ± 0.50 0.18 ± 0.07 (87D)
 T2 1.20 ± 0.50 0.01 ± 0.01 (99D) 1.30 ± 0.40 0.01 ± 0.01 (99D)
 Marginal zone 1.90 ± 0.70 0.01 ± 0.02 (99D) 1.90 ± 0.40 0.01 ± 0.01 (99D)
 CD1dhiCD5+ 1.10 ± 0.30 0.01 ± 0.01 (99E) 1.20 ± 0.40 0.06 ± 0.02 (94D)
Peripheral LN B220+ 1.20 ± 0.40 0.05 ± 0.02 (95D) 1.20 ± 0.30 0.43 ± 0.08 (65D)
Peritoneum B220+ 1.20 ± 0.20 0.01 ± 0.01 (99E) 1.30 ± 0.10 0.14 ± 0.08 (89D)
 B1a 0.11 ± 0.03 0.01 ± 0.01 (95D) 0.13 ± 0.03 0.05 ± 0.01 (62)
 B1b 0.12 ± 0.04 0.01 ± 0.01 (95D) 0.12 ± 0.01 0.05 ± 0.02 (63)
 B2 1.00 ± 0.40 0.01 ± 0.01 (99D) 1.14 ± 0.37 0.13 ± 0.08 (90D)
AMice were treated with mAb (250 μg) 7 days before or 14 days after MOG immunization. Tissue B cell numbers 
were determined on day 18 (n ≥ 4 mice per value). BValues (mean ± SEM) indicate cell numbers (×10–6) present in 
each tissue. CB cell subsets were as follows: bone marrow, pro/pre (IgM–B220lo), immature (IgM+B220lo), mature 
(IgM+B220hi); spleen, mature (CD24+CD21+B220+), T1 (CD24hiCD21–B220+), T2 (CD24hiCD21+B220+), marginal 
zone (CD21hiCD1d+B220+), and CD1dhiCD5+CD19+; peritoneal B-1a (CD5+CD11b+ IgMhiB220lo), B-1b (CD5–
CD11b+IgMhiB220lo) and B2 (CD5–IgMloB220hi). LN, lymph node. Blood results are shown as cells/ml. Significant  
differences between CD20 versus control mAb–treated mice are indicated; DP < 0.05, EP < 0.01.
Figure 
B cell depletion attenuates MOG-specific antibody production. B6 mice were treated 
with CD20 (closed circles) or control (open circles) mAb 7 days before or 14 days 
after MOG immunization. Sera were collected 18 days (peak phase) and 28 days 
(recovery phase) after MOG immunization, with IgM and IgG MOG-specific antibody 
levels quantified by ELISA. Horizontal bars indicate mean values. Dashed lines indi-
cate mean MOG-specific antibody values for unimmunized mice (n = 6). Significant 
differences between CD20 and control mAb–treated groups are indicated; *P < 0.01, 
**P < 0.001. Similar results were obtained in 2 independent experiments.
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B cells regulate CNS-infiltrating CD4+ T cell numbers and 
activation during EAE development. B6 mice were treated 
with mAb 7 days before or 14 days after MOG immuniza-
tions. CNS-infiltrating mononuclear cells were isolated from 
CNS tissue pooled from more than 3 mice per experiment, 
while splenocytes and lymph node lymphocytes were iso-
lated from individual mice. (A) Representative histograms 
showing MOG-specific T cells following CD20 or control mAb 
treatments as determined by immunofluorescence staining 
with flow cytometry analysis. CD4+ T cells were staining with 
MOG/IAb or control tetramers 18 days after MOG immuni-
zations and assessed by immunofluorescence staining with 
flow cytometry analysis. Representative MOG-specific Teff 
(MOG/IAb-tetramer+CD4+FoxP3–) and Treg (MOG/IAb-
tetramer+CD4+FoxP3+) frequencies are shown within the indi-
cated CD4+ T cell quadrants. Numbers indicate percentages 
of CD4+ T cells within each quadrant. Bar graphs indicate 
numbers (mean ± SEM, n ≥ 4 experiments) of CNS-infiltrating 
CD4+ T cells and Teff and Tregs, and the ratio of Teff/Tregs 
following CD20 (black bars) or control mAb (white bars) treat-
ments. (B) IL-17 and IFN-γ production by CNS-infiltrating 
CD4+ T cells 18 days after MOG immunization as determined 
by intracellular cytokine staining with flow cytometry analysis. 
Numbers indicate percentages of CD4+ T cells within the indi-
cated quadrants. Bar graphs indicate numbers (mean ± SEM, 
n ≥ 3 experiments) of CNS-infiltrating IL-17+ and IFN-γ+ CD4+ 
T cells following CD20 (black bars) or control mAb (white 
bars) treatment. (A and B) Significant differences between 
sample means are indicated; *P < 0.05, **P < 0.01. Similar 
results were obtained in at least 2 independent experiments.
research article




































































B cells regulate MOG-specific CD4+ T cell expansion. B6 mice 
were treated with CD20 or control mAb 7 days before or 14 days 
after MOG immunizations. (A) Eighteen days after MOG immuni-
zations, CD4+ T cells were purified from superficial lymph nodes 
and incubated with MOG peptide plus mitomycin C–treated 
B cells from control mAb–treated EAE mice (n ≥ 3 mice per group). 
Values indicate (mean ± SEM) [3H]-thymidine (TdR) uptake from 
triplicate cultures. (B) Seventeen days after MOG immunizations, 
CFSE-labeled TCRMOG CD4+Thy1.1+ T cells were transferred into 
Thy1.2 congenic recipients. Four days later, CNS-infiltrating cells 
were stained for CD4/Thy1.1 expression and analyzed for CFSE 
dilution by flow cytometry analysis. Representative frequencies 
of dividing CFSE-labeled cells are shown (gated on CD4+Thy1.1+ 
cells). (C) Seventeen days after MOG immunizations, CFSE-
labeled TCRMOG CD4+ T cells were transferred into mice. Four 
days later, superficial lymph node cells were stained for Vβ11/
CD4 expression and analyzed for CFSE dilution by flow cytome-
try. Representative frequencies of dividing CFSE-labeled cells are 
shown (gated on CD4+Vβ11+CFSE+ cells). (B and C) Bar graphs 
indicate (mean ± SEM) numbers of dividing TCRMOG T cells fol-
lowing CD20 (black bars) or control mAb (white bars) treatments. 
Numbers indicate percentages of CFSE-labeled CD4+ T cells. 
(A–C) Significant differences between CD20 versus control mAb 
treatment are indicated; *P < 0.05, **P < 0.001. Similar results 
were obtained in at least 2 independent experiments.
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Spleen T cell populations following EAE induction and CD20 mAb treatmentA 
	 Treated	day	–7B	 Treated	day	14B
Tissue	 T	cell	subset	 Control	mAb	 CD20	mAb	 Control	mAb	 CD20	mAb
Spleen CD4+CD3+ 5.60 ± 0.30 5.30 ± 0.80 5.00 ± 0.70 5.40 ± 0.80
 CD8+CD3+ 5.40 ± 0.30 5.90 ± 0.80 5.40 ± 0.80 4.80 ± 0.60
 CD44–CD62L+CD4+ 2.20 ± 0.10 2.90 ± 0.30 2.10 ± 0.10 2.50 ± 0.30
 CD44+CD62L+CD4+ 0.46 ± 0.07 0.39 ± 0.09 0.43 ± 0.06 0.38 ± 0.05
 CD44+CD62L–CD4+ 1.30 ± 0.20 0.90 ± 0.20 1.30 ± 0.20 1.20 ± 0.20
 CD25+FoxP3+CD4+ 0.48 ± 0.12 0.33 ± 0.08 0.47 ± 0.22 0.50 ± 0.24
Peripheral LN CD4+CD3+ 1.20 ± 0.20 1.10 ± 0.20 1.10 ± 0.20 1.10 ± 0.30
 CD8+CD3+ 1.10 ± 0.10 1.00 ± 0.30 1.00 ± 0.20 1.00 ± 0.30
 CD44–CD62L+CD4+ 1.00 ± 0.10 0.90 ± 0.30 0.90 ± 0.20 0.80 ± 0.20
 CD44+CD62L+CD4+ 0.07 ± 0.01 0.05 ± 0.02 0.06 ± 0.02 0.07 ± 0.01
 CD44+CD62L–CD4+ 0.17 ± 0.02 0.12 ± 0.04 0.17 ± 0.05 0.21 ± 0.03
 CD25+FoxP3+CD4+ 0.14 ± 0.03 0.14 ± 0.02 0.14 ± 0.04 0.17 ± 0.03
AMice were treated with mAb (250 μg) 7 days before or 14 days after MOG immunization, both T cell num-
bers determined on day 18 (n ≥ 4 mice per value). BValues (mean ± SEM) indicate cell numbers (×10–6). 
Lymph node shown as pooled bilateral inguinal and axial lymph nodes.
Figure 
B cell depletion does not affect splenic CD4+ or Treg num-
bers during EAE development. Representative flow cytometry 
analysis of CD4+ T cell subsets 18 days after MOG immuniza-
tions (n ≥ 4 mice per group): (A) naive, CD4+CD44–CD62L+; 
activated, CD4+CD44+CD62L+; memory CD4+CD44+CD62L–; 
(B) and Treg, CD4+CD25+FoxP3+. Numbers show relative 
percentages of lymphocytes within each quadrant. Bar graphs 
indicate T cell numbers (mean ± SEM) following CD20 (black 
bars) or control (white bars) mAb treatments. Similar results 
were obtained in at least 2 independent experiments.
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Regulatory CD1dhiCD5+ B10 cells suppress disease symptoms in 
EAE. (A) Splenic CD1dhiCD5+ or non-CD1dhiCD5+ B cells were 
purified from naive mice or mice with EAE (day 10) by cell sorting. 
RNA was isolated from purified splenic B cells. Values represent 
relative mean IL-10 transcripts normalized to GAPDH transcript 
levels (mean ± SEM, n ≥ 6 mice per group) as quantified by real-
time PCR analysis. Significant differences between sample means 
are indicated; *P < 0.05, **P < 0.01. Similar results were obtained 
in at least 2 independent experiments. (B) Representative results 
showing splenic CD19+ B cells from Cd20–/– mice sorted into reg-
ulatory CD1dhiCD5+ and nonregulatory CD1dhiCD5+ B cell sub-
sets. (C–E) Wild-type recipient mice that had been treated with 
CD20 or control mAb 7 days before MOG immunization (arrow-
heads) were given either purified CD1dhiCD5+ or non-CD1dhiCD5+ 
B cells from (C) naive Cd20–/– mice 2 days before immunization, 
(D) naive Il10–/–Cd20–/– mice 2 days before immunization, or (E) 
naive Cd20–/– mice 14 days after immunization. (F) Wild-type recip-
ient mice treated with CD20 or control mAb 14 days after MOG 
immunization (arrowhead) were also given purified CD1dhiCD5+ 
B cells from naive Cd20–/– mice. Values represent (mean ± SEM) 
from more than 5 mice in each group, with similar results obtained 
in 2 independent experiments. Significant differences between 
the means of EAE clinical scores are indicated: *P < 0.05 (CD20 
mAb treated plus CD1dhiCD5 versus mAb treated); **P < 0.05 
(CD20 mAb treated plus CD1dhiCD5 versus CD20 mAb treated 
plus non–CD1dhiCD5+ treated); †P < 0.05 (CD20 mAb treated plus 
CD1dhiCD5 versus control mAb treated).
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pathogen-free barrier facility. The Duke University Animal Care and Use 
Committee approved all studies.
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